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CONTEXT: There are an estimated 28,000 ankle injuries that occur per day in the 
United States, thus making the pathology one of the most common sports-related injuries. Lateral 
ankle sprains account for 80% of all athletic injuries and approximately 73% will suffer from a 
recurrent injury. The residual symptoms that linger following repetitive lateral ankle sprains are 
often correlated with chronic ankle instability (CAI). Lateral ankle sprain (LAS) copers 
successfully cope with the damage that results from sustaining a lateral ankle sprain, whereas 
CAI patients suffer from residual symptoms. Traditional measures of COP from force-plate data 
are useful in evaluating the function and stability of the foot.  Compared to healthy individuals, 
patients diagnosed with CAI demonstrate poor postural control that results in altered COP 
locations during a single-limb static balance task on a force-plate. Most of the literature within 
CAI research has attributed movement dysfunction to impaired sensorimotor function. This 
somatic dysfunction reduces the ability of the neuromuscular system to provide proprioceptive 
feedback as well as producing efficient movement outcomes. PURPOSE: The purpose of this 
study was to determine the differences that exist in dynamic postural control strategies between 
CAI vs LAS copers vs healthy individuals in a single leg hopping task. METHODS: This was a 
case-control analytical study conducted in the biomechanics lab at Illinois State University that 
used previously collected data by Jagodinsky et. al. Forty-five recreationally active individuals 
(14 healthy, 15 copers, and 16 with CAI) between the ages of 19 and 30 were instructed to hop 
on a force plate for 3 blocks of nine hops each. Center of pressure (COP) data was analyzed in 
both the x and y directions by conducting a MANOVA to detect between group differences. 
RESULTS: Three MANOVAs were performed evaluating seven different variables that were 
grouped by measures of excursion, variability, and velocity. There was no significant difference 
between groups for the excursion (p = 0.82), variability (p = 0.63), and velocity (p= 0.79) 
measures on the combined dependent variables. CONCLUSION: Our findings suggest that 
there were no biomechanical differences present amongst individuals with ankle dysfunction 
during a SL hop task. Future research should examine a more difficult dynamic stabilization task 
since we believe that the SL hop was not difficult enough to truly examine the between groups 
differences that might exist. 
KEYWORDS: Chronic Ankle Instability (CAI), Lateral Ankle Sprain (LAS) Coper, Center of 
Pressure (COP), SL Hop Landing Analysis 
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CHAPTER I: SINGLE LEG HOP LANDING ANALYSIS IN PATIENTS WITH CHRONIC 
ANKLE INSTABILITY, LATERAL ANKLE SPRAIN COPERS, AND HEALTHY 
INDIVIDUALS 
Introduction 
It has been reported that 28,000 ankle injuries occur per day in the United States, thus 
making the pathology one of the most common sports-related injuries.1,2 Lateral ankle sprains 
account for 80% of all athletic injuries, with an estimated two million ankle sprains occurring in 
the United States each year.3  In addition to the high number of individuals who sprain their 
ankle, approximately 73% will suffer from a recurrent injury.3 Approximately 59% of those 
individuals will have residual complaints such as pain, instability, or weakness in the injured 
ankle that may last up to three years.3  
Even though the mechanism of injury for both acute and recurrent lateral ankle sprains is 
the same, the changes that occur after the initial injury are what predispose individuals to 
recurrent sprains.4 The residual symptoms that linger following repetitive lateral ankle sprains 
are often correlated with chronic ankle instability (CAI).5 This condition is categorized by 
repetitive ankle sprains, decreased self-reported function due to the ankle injuries, and incidences 
of the ankle “giving way”.6 Within CAI research, it is recommended to use lateral ankle sprain 
(LAS) copers as a comparison group to CAI patients by the International Ankle Consortium.7 By 
utilizing a comparison group, such as LAS copers, researchers may provide stronger and more 
reliable results than when compared to uninjured or healthy control subjects, due to the exposure 
to the injury and not developing CAI.8 These individuals successfully cope with the damage that 
results from sustaining a lateral ankle sprain, whereas CAI patients suffer from residual 
symptoms.8 LAS copers, as defined by Wikstrom et al., are “individuals that have a history of at 
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least one LAS that occurred at least 12 months ago and do not complain of disability and/or 
giving way episodes since their injury.”8 Interestingly, these patients who do not exhibit long-
term mal-adaptations to ankle injuries are able to manage their impairments and produce 
functional outcomes from undetermined mechanisms (e.g. patterns of structural impairment, 
neuromotor adaptations, or psychological responses).9  
 Recent research has shown that there are many potential contributing mechanical, 
neuromuscular, functional, and/or perceived deficits that may persist long after the tissues have 
healed and interventions performed have been completed following an acute ankle sprain.10-21 
Compared to healthy individuals, patients diagnosed with CAI demonstrate poor postural control 
that results in altered COP locations during a single-limb static balance task on a force-plate.22 
Most of the literature within CAI research has attributed movement dysfunction to impaired 
sensorimotor function.23,24 This somatic dysfunction reduces the ability of the neuromuscular 
system to provide proprioceptive feedback as well as producing efficient movement 
outcomes.23,24 Traditional measures of COP from force-plate data are useful in evaluating the 
function and stability of the foot.25 Several studies have observed COP force-plate data in static 
tasks to detect balance deficits in individuals with CAI.26,27 Some authors suggest using 
functional tests to magnify the degree of sensorimotor deficits present in patients with CAI.28,29  
Given the prevalence of lateral ankle sprains and the poor outcomes that exist following 
the initial sprain, it becomes important to identify the differences that exist amongst populations 
affected by lateral ankle sprains in order to decrease the pathologic cascade that results in 
recurrent lateral ankle sprains. Within CAI research, there has been ample research conducted 
with the use of stationary tasks examining various variables. However, there has been little to no 
research performed examining these groups within a dynamic SL hop task. Therefore, the 
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purpose of this study was to determine the biomechanical differences, in COP data, that exist 
amongst lateral ankle sprain copers and individuals with CAI. It was hypothesized that there 
would be a clinically relevant biomechanical difference between LAS copers and CAI 
individuals and that there would be a minimal difference between LAS copers and healthy 
individuals.  
Methods 
Research Design 
This was a case-control analytical study conducted in the biomechanics lab at Illinois 
State University that used previously collected data by Jagodinsky et. al.30 The independent 
variable for this study was group, and the dependent variables consisted of seven measurements 
for center of pressure (COP) data in both x and y directions.  
Instrumentation 
The equipment used in this study was from the Sport Biomechanics Laboratory at 
Auburn University. Measurement of segment motion during hopping trials was obtained using a 
10-camera Vicon MX optical motion capture system (Vicon®, Los Angeles, CA, USA) with a 
sampling frequency of 200 Hz.31 The task was performed on an embedded force plate and there 
was a dedicated 30cm x 30cm perimeter to perform the hopping task. 
Participants 
 Upon approval by the institutional review board at Auburn University, 48 recreationally 
active individuals between the ages of 19-30 consented to participate in the study (Table 1). By 
using this age range, the author was reflecting a convenience sampling of university students. 
Initially, participants were excluded if they reported a lower extremity injury within the past 3 
months, neurological impairments, movement disorders other than ankle dysfunction, or a 
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previous lower extremity fracture or surgery. Once the subjects passed the initial screening, they 
were delegated to the appropriate group for further screening to make sure that they qualified for 
each groups’ specific inclusion criteria. Each group consisted of 16 participants (10 female, 6 
male) who were matched for gender and limb dominance. However, for the purposes of this 
analytical study, three participants (2- Healthy, 1- LAS Coper) were excluded due to equipment 
malfunction (Table 2).  
Table 1. Descriptive Statistics: Participants 
Variable Group Mean SD 
Age (yrs) 
Healthy 23.1 1.9 
LAS Copers 22.4 2.9 
CAI 23.3 3.1 
Height (m) 
Healthy 1.68 0.08 
LAS Copers 1.69 0.08 
CAI 1.72 0.09 
Mass (kg) 
Healthy 70.94 12.60 
LAS Copers 75.45 19.26 
CAI 77.84 17.19 
 
Table 2. Group Allocation   
Group N 
Healthy 14 (10 female, 4 male) 
LAS Copers 15 (10 female, 5 male) 
CAI 16 (10 female, 6 male) 
 
 Inclusion criteria used for the LAS coper group was the recommended criteria established 
by Wikstrom and Brown8: 1) At least one lateral ankle sprain that necessitated immobilization or 
assisted weight bearing for at least three days. 2)  For at least 12 months before testing 
individuals had no pain, weakness, or instability in the involved ankle and had resumed all pre-
injury activities without limitation. 3)  Minimal self-reported disability.  
Inclusion criteria used for the CAI group was the recommended criteria established by 
Gribble et. al32: 1) History of at least one lateral ankle sprain, occurring greater than 12 months 
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prior to the study, requiring a period of assisted weight bearing or immobilization. 2) Chronic 
weakness, pain, instability or recurrent episodes of giving way in the involved ankle (without 
injury), attributed to the original injury. 3) Two or more episodes of the involved ankle giving 
way between three to 12 months of the study. 4) No observed ankle injury or participation in 
rehabilitation associated with the involved limb within the past three months of the study. 
 In addition to the criteria outlined above, The Foot and Ankle Ability Measure (FAAM), Foot 
and Ankle Ability Measure Sport (FAAM-S), and Ankle Instability Instrument (AII) were 
employed to quantify dysfunction related to leg, foot and ankle musculoskeletal conditions, and 
functional ankle instability. Individuals in the CAI group met the following scoring criteria: 1) 
Five recorded “yes” answers on the AII (Table 5).  2) A score of ≤ 90% on the FAAM (Tables 
3,4).  3) A score of ≤ 80% on FAAM-S (Tables 3,4).  
Table 3. Descriptive Statistics: Subjective Assessment Survey Outcome Percentage Score 
 
 
Table 4. Descriptive Statistics: Self-Reported Percent Level of Function 
Variable Group Mean SD 
FAAM 
Healthy 98.6% 3.1% 
LAS Copers 99.0% 2.1% 
CAI 88.9% 6.6% 
FAAM-S 
Healthy 96.1% 6.3% 
LAS Copers 99.0% 2.1% 
CAI 78.8% 11.1% 
 
 
 
 
 
Variable Group Mean SD 
FAAM 
Healthy 99.7% 1.3% 
LAS Copers 99.5% 0.9% 
CAI 85.2% 5.5% 
FAAM-S 
Healthy 98.0% 3.8% 
LAS Copers 97.5% 3.6% 
CAI 68.0% 9.7% 
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Table 5. Descriptive Statistics: AII “Yes” Responses 
Variable Group Mean SD 
AII 
Healthy 1 1 
LAS Copers 3 1 
CAI 7 1 
 
Procedures 
 Prior to participant instruction, the hopping task was demonstrated by a researcher and 
they gave the participant the analogy of jumping rope. Each participant was instructed to hop on 
the involved limb at a self-selected frequency with their hands resting on their hips or shoulders. 
The task was performed on an embedded force plate and there was a dedicated 30cm x 30cm 
perimeter to perform the hopping task. While the subjects were performing the task, a researcher 
observed the foot placement during each block of trials. If the subject’s foot went outside of the 
designated perimeter, the trial was discarded, and they were asked to repeat the block of trials. 
Participants completed three blocks of hopping, each consisting of nine trials and a minimum of 
30 seconds was given in between trials. In order to combat the effects of movement initiation and 
cessation, the first and last two trials within each block were discarded leaving each block of 
trials with 5 viable hops. Thus, a total of 15 single-leg hops were analyzed per participant. 
Data Processing  
Center of Pressure (COP) data were filtered using a lowpass filter set at 6Hz. All 
dependent variables were calculated using a custom MATLAB code (MATLAB® R2013b, 
Mathworks, Inc., Natick, MA). The dependent variables extracted from the COP data were 
excursion, displacement, root mean square (RMS), standard deviation (SD), mean velocity, peak 
velocity, and negative peak velocity in both the x and y directions. Excursion in the x direction 
was defined as the total medial to lateral path taken from foot contact during stance phase, while 
excursion in the y direction was the total anterior to posterior path. Displacement in both the x 
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and y directions were calculated from subtracting the initial foot position from the final foot 
position. Measures of variability were analyzed through the root mean square and standard 
deviation as normally calculated. Velocity was measured through the mean, peak velocity in the 
medial direction (positive), and peak velocity in the lateral direction (negative). Foot dominance 
was accounted for by reverse coding for the correct foot being analyzed. 
Statistical Analysis 
The excursion, displacement, mean velocity, peak velocity, and negative peak velocity 
raw data violated test normality assumptions and was transformed to square roots and absolute 
values in order to run the statistical tests in an appropriate manner. A multivariate analysis of 
variance (MANOVA) with one fixed factor at three levels (group: CAI, LAS copers, healthy) 
was performed to evaluate the biomechanical differences between groups on all outcome 
variables. Three MANOVAs were performed evaluating seven different variables that were 
grouped by measures of excursion, variability, and velocity. The excursion portion of the 
MANOVA was measured using displacement and excursion. Velocity was measured by the 
mean velocity, peak velocity, and negative peak velocity. Variability was measured using the 
root mean square (RMS) and standard deviation (SD). Alpha level was set a priori at p ≤ 0.05. 
All statistical analyses were performed using SPSS (IBM SPSS Statistics for Windows, version 
21.0; IBM Corp, Armonk, NY).  
Results 
Three MANOVAs were performed evaluating seven different variables that were 
grouped by measures of excursion, variability, and velocity. The descriptive statistics for 
excursion (Table 6), variability (Table 7), and velocity (Table 8) measures can be seen in Tables 
6-8. There were no significant differences between groups for the excursion measures on the 
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combined dependent variables F(8,38)=0.54, p=0.82,; Wilks Lambda=0.81; partial eta 
squared=0.10 (Table 9). There were no significant differences between groups for the variability 
measures on the combined dependent variables F(8, 76)=0.76, p=0.63; Wilks Lambda=0.86; 
partial eta squared=0.07 (Table 9). There were no significant differences between groups for the 
velocity measures on the combined dependent variables F(12,72)=0.65, p=0.79; Wilks 
Lambda=0.82; partial eta squared=0.10 (Table 9).  
Table 6. Descriptive Statistics: Excursion 
Variable Group Mean SD 
Excursion X (cm) 
Healthy 3.76 1.14 
LAS Copers 3.55 1.07 
CAI 3.45 1.00 
Excursion Y (cm) 
Healthy 8.12 4.14 
LAS Copers 8.36 2.33 
CAI 8.05 2.61 
Displacement X (cm) 
Healthy 0.87 0.58 
LAS Copers 0.54 0.98 
CAI -0.32 1.57 
Displacement Y (cm) 
Healthy 0.99 1.64 
LAS Copers 1.31 1.98 
CAI 1.24 1.91 
 
Table 7. Descriptive Statistics: Variability 
Variable Group Mean SD 
RMS X (cm) 
Healthy 0.54 0.12 
LAS Copers 0.57 0.13 
CAI 0.57 0.20 
RMS Y (cm) 
Healthy 1.34 0.62 
LAS Copers 1.24 0.31 
CAI 1.24 0.44 
SD X (cm) 
Healthy 1.47 0.41 
LAS Copers 1.71 0.67 
CAI 1.67 0.89 
SD Y (cm) 
Healthy 2.59 0.88 
LAS Copers 3.08 1.01 
CAI 2.72 0.87 
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Table 8. Descriptive Statistics: Velocity  
Variable Group Mean SD 
Mean Velocity X (cm/s) 
Healthy 11.44 5.64 
LAS Copers 9.92 4.11 
CAI 11.43 5.12 
Mean Velocity Y (cm/s) 
Healthy 18.83 6.58 
LAS Copers 22.83 10.57 
CAI 25.18 11.29 
Peak Velocity X (cm/s) 
Healthy 42.83 11.63 
LAS Copers 38.65 12.42 
CAI 38.46 19.48 
 Peak Velocity Y (cm/s) 
Healthy 55.46 12.40 
LAS Copers 80.18 47.56 
CAI 72.80 33.52 
 Negative Peak 
Velocity X (cm/s) 
Healthy -28.02 18.65 
LAS Copers -24.83 12.62 
CAI -35.17 21.97 
Negative Peak 
Velocity Y (cm/s) 
Healthy -50.41 32.25 
LAS Copers -60.71 36.62 
CAI -63.29 30.64 
 
Table 9. MANOVA Results  
 F P- Value Wilks Lambda Partial Eta Squared 
Excursion 0.54 0.82 0.81 0.10 
Variability 0.76 0.63 0.86 0.07 
Velocity 0.65 0.79 0.82 0.10 
 
Discussion 
 In the athletic population, there is a high frequency of lateral ankle sprains that occur in 
the United States each year.3 Most individuals that sustain a lateral ankle sprain will suffer from 
a recurrent injury.3 An abundance of research on individuals with ankle dysfunction has 
demonstrated that there are many potential contributing mechanical, neuromuscular, functional, 
and perceived deficits which may persist long after the tissues have been treated and healed 
following an acute ankle sprain.10-21 Due to the increased prevalence of lateral ankle sprains and 
individuals with ankle dysfunction, it has become pertinent to identify the differences that exist 
amongst populations affected by lateral ankle sprains. In our study, we analyzed 7 different COP 
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variables during a SL hop task in different ankle dysfunction populations (CAI, LAS copers, and 
healthy individuals). Our results indicate that there were no statistically significant differences 
amongst groups.  
A study found that there was no differences in functional performance between 
individuals with CAI and healthy controls during an agility hop test.33 Although complaints of 
subjective symptoms are often associated with chronic ankle instability, these symptoms do not 
negatively influence functional performance.33 This suggests that proprioceptive capabilities are 
still sufficient enough in individuals with CAI that they can still perform functional tasks at an 
optimal level.33 Therefore, it could be concluded that the tasks analyzed were not demanding 
enough to elicit performance differences amongst groups.33 This coincides with the lack of 
statistical differences seen between groups in our own study during a SL hop task.  
In a study performed by Doherty et al, kinematic data showed individuals with CAI had 
biomechanical changes in hip movement and motor control patterns in the involved limb during 
both phases of a drop vertical jump.34 On the other hand, LAS copers may not display 
impairments in movement patterns since these compensations are not necessary for  injury 
avoidance.8 Postural-control deficits seen in patients with CAI are thought to be a combination of 
impaired proprioception and neuromuscular control.6 People suffering from CAI typically have 
to use a different strategy to maintain their balance.35 This alteration seen in individuals with 
CAI is less efficient than a typical movement strategy for healthy individuals.6 However, this 
postural-control approach is most likely attributed to the changes in central neural control when 
there is an ankle-joint dysfunction present.6  
In a study by Caffrey et al, they used subjective questionnaires and reports of instability 
during single-leg functional activities to classify individuals with functional ankle instability, a 
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subgroup of CAI.36,37 They found that there were differences in performance time amongst 3 out 
of the 4 hopping tests they implemented in individuals with ankle dysfunction when compared to 
healthy individuals.36 These results coincide with prior studies that support the existence of 
performance deficits in individuals with ankle dysfunction during single-limb functional 
tests.38,39 Based off of these results, Caffrey proposed that while individuals with functional 
ankle instability have performance deficits, these deficits may range substantially depending on 
the individuals ankle dysfunction severity.36  
According to existing evidence, differences in movement patterns exist between LAS 
copers and individuals with CAI across a variety of tasks and measures.8 Previous research has 
shown greater mechanical changes in individuals with CAI than LAS copers and healthy 
individuals.40 It is suggested that CAI places greater constraints on the sensorimotor system 
during functional tasks.41 These deficits result in a reorganization of postural control strategies 
and may be indicative of a diminished ability to respond effectively to the changes in postural 
control strategies.41 
To the best of the author’s knowledge, this was the first study to examine kinematic data 
to see if biomechanical differences exist amongst lateral ankle sprain copers and individuals with 
chronic ankle instability during a SL hop task. Based on differences seen amongst these 
pathologic populations in previous research, we hypothesized that there would be a clinically 
relevant biomechanical difference between LAS copers and CAI participants and that there 
would be a minimal difference between LAS copers and healthy individuals. Our hypotheses 
were not supported as there was no clinically relevant biomechanical differences between groups 
during a SL hop task. We believe that our SL hop task was too simple to elicit significant 
differences amongst groups since it involved vertical jumping over a stationary position. More 
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complex dynamic tasks (cutting, lateral hopping, tri-planar SL hopping, etc.) may elicit group 
differences in patients with ankle dysfunction as they require more stability from the ankle 
complex. Although we did not observe statistically significant p-values, this data helps to 
establish a foundation for future studies examining COP data throughout dynamic tasks within 
these specific patient populations.  
 Every study has its own set of strengths and limitations. A strength of this study was the 
study design itself, a case-control study. Case-control studies are able to easily look at specific 
populations of individuals as the participants are hand-selected.42 In this instance, participants 
were selected if they had ankle dysfunction and fit within each group’s criteria parameters. 
Another strength of this study was the original research design, which combatted the testing, 
instrumentation, and expectancy threats to internal validity by having a consistent tester as well 
as blinding and randomization within the study. One of the major limitations within this study 
was the lack of additional data (severity of initial injury, ROM meausrements, etc.) to 
supplement the self-assessment survey data acquired from the participants as a basis for 
inclusion criteria for both the LAS coper and CAI groups. Additional data may have shown the 
severity of ankle dysfunction within the realm of CAI. The severity of ankle dysfunction can 
impact an individual’s functional performance, which can make differences amongst groups 
range substantially depending on where the individual is located on the CAI spectrum.36  
Future research should aim to continue studying these pathologic populations in order to 
fully understand the biomechanical differences that exist between groups. It is crucial to 
understand the mechanisms that differentiate a LAS coper and an individual with CAI in order to 
be able to one day solve the CAI epidemic. Further research should examine a more complex 
dynamic task that stresses the lateral ankle structures in order to fully comprehend if any 
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biomechanical differences exist in people with ankle dysfunction.36 Time to boundary measures 
also need to be investigated as they have been shown to be more sensitive in detecting postural 
control deficits when compared to traditional measurements, such as COP data, in individuals 
with CAI.25,26  
In conclusion, our findings suggest that there were no biomechanical differences present 
amongst individuals with ankle dysfunction during a SL hop task. Future research should 
examine a more difficult dynamic stabilization task since we believe that the SL hop was not 
difficult enough to truly examine the between groups differences that might exist. 
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CHAPTER II: EXTENDED REVIEW OF THE LITERATURE 
Anatomy 
It is pertinent to understand the anatomy of the ankle complex in order to fully 
understand the biomechanics of a lateral ankle sprain, which can lead to chronic ankle instability. 
Stability in the ankle joint is provided by the bony geometry of the joints themselves, ligaments, 
and muscular restraints that cross the joint. 
Bone/Joint 
The ankle complex is comprised of the subtalar, talocrural, talocalcaneonavicular, and 
inferior tibiofibular joints.43 The articulation between the talus and calcaneus forms the subtalar 
joint. The calcaneus is located inferiorly to the talus and that articulation forms a tri-planar, 
uniaxial joint.44 Due to the bony geometry of these two bones allows for inversion and eversion 
range of motion at the ankle.43 The talocrural joint is the junction between the distal tibia and 
distal fibula with the talus. The trochlea of the talus fits into the mortise of the distal tibia and 
fibula creating the talocrural joint. The distal ends of the long bones in the lower leg (tibia and 
fibula) have malleoli that constrain the talus making the talocrural joint a hinge joint.43 
Plantarflexion and dorsiflexion are the motions most promoted at this joint. The bony geometry 
at the talocrural joint contributes a good amount of stability to the ankle joint as a whole and is 
most stable in dorsiflexion and resists eversion.43 The talocalcaneonavicular joint is the 
articulation between the talus, navicular, calcaneus and cuboid. Due to sharing a common axis of 
motion, this joint is often categorized as the same functional unit as the subtalar joint as they 
both contribute to eversion and inversion ranges of motion at the foot.45,46 The inferior 
tibiofibular joint is not a synovial articulating joint, however it is comprised of the interosseous 
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membrane that connects the distal ends of the tibia and fibula.47 The primary function of this 
joint is stabilization through its ligamentous attachments.43  
Muscle 
Motion at the ankle joint is created by the twelve extrinsic muscles of the lower leg that 
originate at many different points in the lower leg and insert on the foot.43 These twelve muscles 
are divided up by their orientation into four fascial compartments: anterior, lateral, posterior, and 
deep posterior. The anterior compartment consists of the tibialis anterior, extensor hallucis 
longus, extensor digitorum longus, and peroneus tertius. The muscles in this compartment 
primarily dorsiflex the foot along with muscle specific secondary actions. The lateral 
compartment consists of the peroneus brevis and longus muscles that dorsiflex and evert the foot. 
The posterior compartment contains the gastrocnemius, soleus, and plantaris, which all 
plantarflex the foot. Lastly, the deep posterior compartment contains the flexor hallucis longus, 
flexor digitorum longus, and tibialis posterior. All three of these muscles in this compartment 
plantarflex and invert the foot.  
Ligament 
The ligaments of the talocrural joint are primarily located on the medial and lateral 
aspects of the talus. There are three major lateral ankle ligaments: the anterior talofibular 
ligament, calcaneofibular ligament, and posterior talofibular ligament. All of these ligaments 
help to prevent lateral ankle movement, otherwise known as inversion.48 The deltoid ligament 
complex supports the medial aspect of the ankle and can be divided into four bands: the 
tibionavicular, anterior tibiotalar, tibiocalcaneal, and posterior tibiotalar.48 Since there is a lack of 
muscular attaches on the talus, the stability of the subtalar joint comes primarily from the 
ligamentous support.49 The ligaments that comprise the subtalar joint are the interosseous 
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talocalcaneal ligament, ligamentum cervicis, medial talocalcaneal ligament, lateral talocalcaneal 
ligament, and the posterior talocalcaneal ligament.49 The talocalcaneonvaicular joint is composed 
of one ligament: the plantar calcaneonavicular (“spring”) ligament.49  
Pathomechanics of a Lateral Ankle Sprain 
The common mechanism of a lateral ankle sprain is when the foot is placed in plantar 
flexion and calcaneal inversion. These two movements place great stress on the ATFL and CFL 
and if the force is great enough, can cause a complete rupture of these ligaments. This is known 
as a grade 3 lateral ankle sprain. Regardless of the grade of lateral ankle sprain, ankle sprains can 
lead to pain and disability.  
Lateral Ligament Orientation and Order of Failure  
Stability on the lateral side of the ankle is provided by three major static stabilizing 
ligamentous structures: the anterior talofibular ligament (ATFL), calcaneofibular ligament 
(CFL), and the posterior talofibular ligament (PTFL). Each of these ligaments work together to 
provide joint stability at the ankle but also have independent roles and are responsible for 
limiting different motions at the talocrural joint. The AFTL lies on the dorsolateral aspect of the 
foot and is most often the first lateral ligament injured during an inversion ankle sprain. It plays a 
major role in preventing anterior translation of the talus.6 It has been reported that the ATFL is 
most often the first lateral ligament injured during an inversion ankle sprain because it has the 
lowest load to failure.6 The second most commonly injured lateral ankle ligament is the CFL, 
often in conjunction with the ATFL accounting for 20-25% of ankle sprains.50 The most lateral 
ankle ligament, the CFL is also injured during an inversion ankle sprain, however, when 
compared to the ATFL, the CFL is injured less in ankle sprain injuries.6 The major role of the 
CFL is to prevent calcaneal inversion. The last and most posterolateral ligamentous stabilizer is 
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the PTFL. The major role of the PTFL is to prevent posterior translation of the talus on the tibia. 
Of the three lateral ligaments, the PTFL is rarely injured in an inversion ankle sprain. There are 
two reasons for this: 1) the PTFL has the highest load to failure and 2) the mechanism of injury 
for the PTFL is in contrast to that of the ATFL and the CFL.3,6 
Dynamic Stabilization  
The muscles of the anterior and lateral compartments provide primary dynamic 
stabilization in preventing the ranges of motion that lead to acute lateral ankle sprains. 
Specifically, the  muscles in the lateral compartment, peroneus longus and brevis, are an integral 
part of controlling the rate of inversion.51 The muscles of the anterior compartment provide 
restraint against rearfoot supination and thus ultimately controlling the rate of the plantarflexion 
moment of a lateral ankle sprain.6 Theoretically, if the muscles that eccentrically control 
inversion and plantarflexion fire efficiently, the rate of acute lateral ankle sprains should 
sufficiently decrease.52   
In theory, the peroneal muscles should be able to provide a dynamic restraint to a lateral 
ankle sprain since they help to control the rate on inversion.51 Ashton-Miller et al estimated that 
the rate of inversion, upon landing, can occur as fast as 40 milliseconds.51 In a study done by 
Konradsen et al, it was concluded that it would take the peroneal muscles 126 milliseconds to 
respond after a sudden and unexpected inversion perturbation of the ankle.53 This 126 
millisecond time frame was decided upon based off of the 54 milliseconds reaction time of initial 
electromyographic activity and the 72 milliseconds of electromyographic delay needed to 
generate force within the muscles to combat the inversion moment.53 In order for the peroneal 
muscles to generate the force needed to combat this sudden and unexpected inversion moment, 
preparatory muscle activation is imperative prior to foot contact.52,53  
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Ankle Mortise Bony Congruency 
Due to the bony geometry of the ankle mortise, the ankle and foot are more prone to 
inversion ankle sprain injuries rather than eversion.6 Since the lateral malleolus of the fibula is 
longer than the medial malleolus of the tibia, more force is needed to injure the medial restraints 
from an eversion injury rather than the more commonly occurring injury to the lateral restraints 
in an inversion ankle sprain.6 
Pathomechanics of Chronic Ankle Instability 
 Even though the mechanism of injury for both acute and recurrent lateral ankle sprains is 
the same, the changes that occur after the initial injury are what predispose individuals to 
recurrent sprains.4 The residual symptoms that linger following repetitive lateral ankle sprains 
are often correlated with chronic ankle instability (CAI).5  This condition is categorized by 
repetitive ankle sprains, decreased self-reported function due to the ankle injuries, and incidences 
of the ankle “giving way”.6 The two theories most often associated with the cause of CAI are 
mechanical and functional instability.6 Mechanical instability deals with anatomic abnormalities, 
whereas on the other hand functional instability is usually related to a proprioceptive deficit.54  
Mechanical Instability  
Mechanical instability occurs when there are anatomical changes after the initial lateral 
ankle sprain, which predisposes the ankle joint to further episodes of  instability and recurrent 
ankle sprains.6 The anatomic changes that occur include, but are not limited to: pathologic laxity, 
impaired arthrokinematics, synovial changes, and the development of degenerative joint disease.6 
These changes can be isolated or in conjunction with any of the above mentioned alterations.6  
Pathologic laxity often occurs after ligamentous damage in an acute lateral ankle sprain 
and the extent of that laxity depends on the amount of damage that occurred at the initial injury.6 
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When the ankle is suspect to vulnerable positions (inversion and plantar flexion) during 
functional activities, pathologic laxity often plays a role in subsequent injury.6 Pathologic laxity 
in the ankle is typically seen in the talocrural and subtalar joints.55 The ATFL and CFL primarily 
cause instability at the talocrural joint, but can also cause instability of the subtalar joint as 
well.56 When there is damage to the ATFL, the talus is able to excessively supinate which 
predisposes an individual to a lateral ankle sprain.57 Patients with chronic ankle instability (CAI) 
often have pathologic laxity and shockingly even 11% of healthy individuals also have 
asymmetric ankle laxity as assessed by the talar tilt and anterior drawer tests.58 
One of the major arthrokinematic impairments, another insufficiency in mechanical 
instability, is a positional fault at the inferior tibiofibular joint.6,59 Individuals with CAI, 
according to Mulligan et al59, may have an anteriorly and inferiorly displaced fibula putting the 
ATFL on slack in its resting position.6 Due to this positional laxity of the ATFL, when the 
rearfoot goes into supination the talus has greater range of motion.6 This allows for episodes of 
instability to occur and therefore leading to recurrent ankle sprains.6 Hypomobility of the ankle 
joint is another arthrokinematic impairment, often seen as a lack of dorsiflexion, that predisposes 
individuals to a lateral ankle sprain.60 A study done by Green et al61 demonstrated that the lack of 
dorsiflexion range of motion following a lateral ankle sprain could be attributed to altered 
arthrokinematics at the ankle mortise. Without sufficient dorsiflexion, the ankle may never reach 
its most stable position in the stance phase, the closed-pack position.6 During the stance phase, if 
the ankle can’t reach its closed-pack position it is susceptible to lateral ankle sprains due to the 
lack of stability preventing inversion and internal rotation ranges of motion.6 
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Functional Instability  
This is often a problem with the aforementioned dynamic stabilizers of the ankle and 
their resultant lack of efficient eccentric control of inversion and plantarflexion. This is due to 
changes in the neuromuscular system that ultimately provides dynamic support to the ankle. 6 An 
article by Freeman et al62 first described the idea of functional instability and they concluded that 
balance impairments in people with lateral ankle sprains had actually damaged their articular 
mechanoreceptors in the lateral ankle ligaments.63 This damage led to a deficit in proprioception 
and therefore effected their balance.6 Even though the contribution of altered proprioception is an 
important factor it is not the sole factor in why ankle ligament injury predisposes individuals to 
functional ankle instability.6 Research has deemed functional instability, in individuals with 
either acute lateral ankle sprains or with CAI, as deficits in ankle proprioception, cutaneous 
sensation, nerve-conduction velocity, neuromuscular response times, postural control, and 
strength.6 
 While both impaired proprioception and cutaneous sensation contribute to functional 
instability, it is unknown to what extent they really affect instability at the ankle joint.6 In a study 
by Khin-Myo-Hla et al64, they suggested that altered muscle-spindle activity in the peroneal 
muscle group may be more of a contributor to the proprioceptive deficits at the ankle, rather than 
the aforementioned altered mechanoreceptor activity. The deficits often associated with CAI 
patients are typically seen in the peroneal muscles and this can be due to impaired 
proprioception, slowed nerve-conduction velocity, or central impairments in neuromuscular-
recruitment strategies.6 Bullock-Saxton et al65 demonstrated that neuromuscular impairments are 
present in both structures that cross the affected ankle joint and neuromuscular pathways that 
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exist in both limbs. This finding indicates that there are central neural adaptations that occur 
when there is a peripheral joint injury.6  
Postural-control deficits in patients with CAI are thought to be a combination of impaired 
proprioception and neuromuscular control.6 Typically people with CAI exhibit a “hip strategy” 
to maintain their balance.35 This “hip strategy”, as described by Pintsaar et al35, is when the hip is 
flexed or extended in the direction of the sway perturbation, which leads to a shear force against 
the support surface re-centering the center of mass over the center of support. Uninjured 
individuals often exhibit an “ankle strategy” in order to maintain a unilateral stance.35 This 
“ankle strategy” is comprised of muscle contractions that start at the ankle and generate a torque 
rotating the body towards the support surface.35 The alteration seen in the “hip strategy”  is less 
efficient than the typically observed “ankle strategy” in uninjured individuals, however, this 
postural-control approach is most likely attributed to the changes in central neural control when 
there is an ankle-joint dysfunction present.6 The last known contributor to functional instability is 
a deficit in strength. Although strength deficits have been reported in patients with CAI, there 
isn’t sufficient evidence to support the role and causation of these strength deficits.6 
Lateral Ankle Sprain Copers 
 In Chronic Ankle Instability research, it is recommended to use lateral ankle sprain 
(LAS) copers as a comparison group to CAI patients by the International Ankle Consortium.7 By 
utilizing a comparison group, such as LAS copers, may provide stronger and more reliable 
results than compared to uninjured or healthy control subjects, due to the exposure to the injury 
and not developing CAI.8 These individuals successfully cope with the damage that results from 
sustaining a lateral ankle sprain, whereas CAI patients suffer from residual symptoms.8 
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Definition 
LAS copers, as defined by Wikstrom et al., are “individuals that have a history of at least 
one LAS that occurred at least 12 months ago and do not complain of disability and/or giving 
way episodes since their injury.”8 Within the literature, there are three recommendations for key 
components in defining a LAS coper: 1) having sustained an initial LAS, 2) lack of CAI residual 
symptoms (disability, giving way, feeling unstable, etc.), and 3) a 12 month period of no 
subsequent LAS.8 The 12 month time period was chosen based on the risk of a recurrent LAS, 
modification of activity to resume to prior level, and within the literature it was a typical 
inclusion criteria for this specific population.9,21,66-77  
Minimal Inclusion Criteria  
 In order to be deemed as a LAS coper, there are minimum inclusionary criteria that 
should be met to keep things consistent. Inclusion criteria should consist of an initial LAS severe 
enough to warrant immobilization and/or a protective device for at least a week, return to 
previous level of activity for a year without recurrent injury and/or feelings of instability, and 
minimal level of self-reported disability.8 In conjunction with the minimum inclusion criteria, 
there is additional recommended inclusion criteria to be used in research with LAS copers that 
includes no acute head and/or lower extremity injury within the past 3 months and a history of 
ankle fractures or surgeries.8 To better contextualize LAS copers amongst research, if possible, it 
is recommended to use the presence of pain as exclusion criteria in conjunction with the 
recommended and minimum inclusionary criteria as stated above with LAS copers.8 
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Differences between CAI and LAS Copers 
Self-Reported Disability 
 LAS copers appear to report minimal self-reported disability and tend to self-report better 
ankle function when compared to individuals with CAI.8 In some cases, LAS copers appear to be 
equivalent to uninjured controls, which is why implementing LAS copers in CAI research is 
imperative in producing more significant results.8 In multiple studies using the Foot and Ankle 
Ability Measure–Activities of Daily Living (FAAM-ADL) and the Foot and Ankle Ability 
Measure-Sport (FAAM-S) self-reported function was higher in LAS copers than when compared 
to individuals with CAI and were equivalent to control subjects.71,73,77 Additionally, when used 
independently of reported inclusion criteria, LAS copers reported better function than individuals 
with CAI on questionnaires of ankle function.9,40 
Mechanical Changes 
 Mechanical changes amongst individuals with CAI demonstrate greater anterior 
displacement and inversion rotation when compared to LAS copers with an instrumented 
arthrometer.40 However, some research reported no differences in ligament laxity amongst LAS 
copers, CAI individuals, and control groups.78,79 LAS copers were not more likely to test positive 
to the anterior drawer ligament test when compared to subjects with CAI or controls, but LAS 
copers were more prone to test negative on a talar tilt test than those with CAI.77 Both 
individuals with CAI and LAS copers don’t appear to have a difference with talar or fibular 
positions.21,76 CAI patients do not appear to have ligament laxity or other mechanical joint 
alterations based on current literature when compared to uninjured controls.8 Currently, in LAS 
copers, it is unclear if they have mechanical joint alterations relative to uninjured controls.8 
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Sensorimotor Alterations 
According to existing evidence, differences in movement patterns exist between LAS 
copers and individuals with CAI across a variety of tasks and measures.8 According to a study 
done by Doherty et al, there was kinematic data that individuals with CAI displayed an increase 
in hip flexion in the involved limb during both phases of a drop vertical jump.34 Participants with 
CAI displayed changes in hip movement and motor control patterns when compared to the LAS 
copers; these findings may give an indication to the coping mechanism following the initial LAS 
injury that leads to CAI.34 Neuromuscular control in LAS copers may not be impaired as 
movement patterns avoid an increase in injury risk.8 Since it is the thought that the hip plays an 
important role in the development of CAI, clinicians must integrate rehabilitation programs that 
include focus on proximal joints as well as the injured ankle; specifically in neuromuscular 
control as a global concept.34 By integrating these rehabilitative techniques that focus on the 
entire kinetic chain, the ultimate goal is to guide patients towards a LAS coper path rather than a 
CAI path.34 
Recent Research 
 Chronic ankle instability is a heavily researched topic, but the inclusion of lateral ankle 
sprain copers as a comparison group has only been recently researched within the past 20 years.7 
Due to the increased prevalence of using lateral ankle sprain copers as a comparison group in 
research, Wikstrom et al. established minimum reporting standards for LAS copers in CAI 
research primarily based off of previous research in 2014.8 This was pivotal in producing 
consistent and reliable findings amongst CAI research. 45 Within CAI research, there has been 
ample research conducted with the use of stationary tasks examining various variables. However, 
there has been little to no research performed examining these groups within a dynamic task. 
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Therefore, the purpose of this study was to determine the differences that exist amongst lateral 
ankle sprain copers and individuals with chronic ankle instability in a dynamic single leg 
hopping task analysis.  
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